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vABSTRACT
The Environmental Protection Agency (EPA) of USA sets the Maximum 
Contamination Level (MCL) for 222Rn in drinking water to be 11.1000 Bq/l and for 
226Ra to be 0.1100 Bq/l. This study was conducted to determine the levels of 222Rn 
and 226Ra in private well water in the state of Kelantan. A total of 25 samples of well 
water were collected from various districts in the state. The levels of 222Rn and 226Ra 
dissolved in well water were measured using the liquid scintillation counting 
technique. 222Rn activity concentrations were found within the range of 0.0491 to 
4.3127 Bq/l for both unfiltered and filtered samples. Meanwhile, activity 
concentration of 226Ra measured is between 0.0278 to 1.9670 Bq/l for both unfiltered 
and filtered samples, exceeding the MCL value. The annual effective doses due to 
the intake of natural radionuclide from well water for three different age groups were 
estimated based on the amount of water consumed. The average annual effective 
dose of 226Ra calculated for babies in the range of 0.12 to 1.79 ^Sv/y. The average 
annual effective dose of 226Ra for children was in the range of 0.11 to 0.34 ^Sv/y 
while, for the adults, it was in the range of 0.11 to 0.33 ^Sv/y for 226Ra. The annual 
effective dose intake for the babies was found to be higher than other groups but 
within the limit recommended by World Health Organization (WHO). The doses for 
the other two groups are below the recommended value.
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ABSTRAK
Agensi Perlindungan Persekitaran atau Environmental Protection Agency 
(EPA) dari Amerika Syarikat menetapkan aras pencemaran maksimum atau 
Maximum Contamination Level (MCL) untuk 222Rn di dalam air minuman adalah 
11.1000 Bq/l dan untuk 226Ra adalah 0.1100 Bq/l. Kajian ini dijalankan untuk 
mengenalpasti aras 222Rn dan 226Ra dalam air perigi persendirian di negeri Kelantan. 
Sebanyak 25 sampel air perigi telah dikumpul dari pelbagai daerah di negeri tersebut. 
Aras 222Rn dan 226Ra terlarut dalam air perigi diukur dengan menggunakan teknik 
pembilang sintilator. Kepekatan aktiviti bagi 222Rn adalah dalam julat 0.0491 
sehingga 4.3127 Bq/l untuk sampel tidak dituras dan dituras. Sementara itu, aktiviti 
bagi 226Ra, kepekatan yang diukur adalah antara 0.0278 sehingga 1.9670 Bq/l untuk 
kedua-dua sampel yang tidak dituras dan dituras, iaitu melebihi nilai MCL. Dari 
sampel, boleh anggar dos tahunan yang berkesan untuk pengambilan radionuklid 
semulajadi dalam air perigi bagi tiga kumpulan umur yang berbeza telah dianggarkan 
berdasarkan jumlah air yang digunakan. Purata pengambilan dos tahunan berkesan 
bagi 226Ra yang dikira untuk bayi adalah dalam lingkungan 0.12 sehingga 1.79 
^Sv/y. Bagi kanak-kanak pula, purata dos tahunan berkesan adalah dalam 
lingkungan 0.11 sehingga 0.34 ^Sv/y. Manakala purata pengambilan dos tahunan 
berkesan untuk orang dewasa dalam lingkungan 0.11 sehingga 0.33 ^Sv/y. 
Pengambilan dos tahunan berkesan untuk bayi didapati lebih tinggi daripada 
kumpulan lain tetapi masih berada dalam had seperti yang disyorkan oleh World 
Health Organization (WHO). Dos untuk kedua-dua kumpulan yang lain adalah di 
bawah nilai yang disyorkan.
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CHAPTER 1
INTRODUCTION
1.0 Introduction
Most sources of drinking water for rural people, especially those living far 
inland and are still lagging behind in development, most of them get the source of 
drinking water from groundwater and surface water. Some of the drinking waters are 
obtained from groundwater sources such as springs, wells and boreholes. Meanwhile, 
surface water source is obtained from rivers, lakes and streams. Normally, drinking 
water from groundwater sources has higher concentrations of radon and radium than 
surface water.
Radon is a radioactive nuclide which is quite short-lived, half of a given 
amount decay is only 3.82 days. It is also a chemically inert gas and highly soluble in 
water. The presence of radon in the environment it as the most dangerous radioactive 
elements than the others. It also do not combine with any particular element and thus 
move freely in the ground. It is produced continuously in rocks and minerals. Radon 
is produced through a-decay of Radium-226 and it is a daughter product of the 
Uranium-238 natural decay series. Radon-222 is easily soluble in water under 
pressure, especially well water since it is one of the sources of groundwater. High
2concentrations of 222Rn are more worrisome to the water users, especially its effects 
on health to the residents. By drinking water from groundwater, it will increase the 
risk of human exposure to radiation effects. Almost 90% of stomach cancer deaths 
caused by inhaling radon released to the indoor air from water. Only about 10% of 
the deaths were from cancers of internal organs, mostly the stomach, caused by 
ingestion of radon in water (USEPA, 1999). Cothern et al. (1986) proved that there 
was a risk of death of about 1-7% from lung cancer for the people of the United 
States. Most cancer associated with indoor radon levels in buildings due to 
groundwater resources.
In most countries, the level of radon concentrations measured in the water 
supply used by the people can usually reached 20 Bq/l. But there are some cases in 
some countries where it is above 100 Bq/l. However, the results of epidemiological 
studies found no association between radon content in drinking water and cancer of 
the digestive system and other systems until now. The World Health Organisation 
(WHO) has recommended guidelines for the quality of drinking water with the 
amount of radon in public drinking water sources to be above 100 Bq/l (WHO, 
2009).
226Ra is parent of 222Rn and it is an alpha emitter with a half-life of 1600 
years. It can be found in groundwater and it is supplies a continuous source of 222Rn. 
The concentration of 226Ra can reach up to a few Bq/l and its present in the system 
depends on the availability of water or rock. Most people are concerned about the 
presence of 226Ra in drinking water as it is the main source of water in their daily 
activities. United State Environmental Protection Agency (USEPA) has reported that 
the Maximum Contaminant Level (MCL) for the combination of the two 
radionuclide, 226Ra+228Ra reported as 0.185 Bq/l. However, 226Ra in drinking water 
have been reported to be as much as 0.110 Bq/l (USEPA, 2000). Known, 228Ra is 
owned by Thorium-232 series and it decays by beta emission. 228Ra is controlled by 
the low solubility of thorium and it is transported on solids. Meanwhile 226Ra is 
owned by 238U series and it decays by alpha emission. 226Ra can also be transported 
by water flow by long-term transport of some fertilizers into the waterways. If 226Ra
3is present within large amounts in drinking source, it is dangerous as it is the toxic 
chemical (Zhuo et al., 2001). Among some natural radionuclide present in water 
resources, only 222Rn and 226Ra can be dangerous to the people who use the water 
sources in daily activities especially when it is used as drinking water.
When the concentration of 226Ra is at a high level, it will increase health 
risks, especially its potential as bones seeker. This is a worrying situation especially 
when it involves the 226Ra content in private well water, where the people who use 
the water are less concerned about the presence of dangerous radionuclide such as 
226Ra in the water. In addition, the rural people are less concerned with the treatment 
to remove radionuclide in view of the costs payable by them. A survey was 
conducted by the Swedish Radiation Protection Institute (SSI) indicated that the 
maximum concentration of radium in groundwater in Sweden was up to 2.5 Bq/l 
(SSI, 1996).
There are various methods practiced to analyze the 222Rn and 226Ra content in 
water sources. However, the most widely used method is to use the Liquid 
Scintillation Counter (LSC). This is because, conventional LSC has an advantage in 
terms of performance, especially if it involves counting large numbers of samples 
and analysis of samples can be run in a short period of time. In addition, it can also 
be used to measure low concentrations of 222Rn.
One of the aims of this study is to measure the concentrations of 222Rn and 
226Ra in groundwater from well water by using liquid scintillation techniques. There 
are many studies that have been conducted using this method, especially for the 
analysis of aqueous samples of water taken by the many authors (for example 
Schonhofer, 1989; Beata Kozlowska et al., 1999; Chalupnik et al., 1992; Escobar et 
al., 1996; Suomela, 1993).
4This study focuses on natural radioactivity content in well water samples, 
collected from several districts in Kelantan. The determinations of natural 
radionuclide in well water are useful to study the environmental sanitation and 
human health for those who use the well water for their daily activities.
1.2 Statement of Problem
In rural areas, groundwater is more likely to be the source of drinking water, 
cooking, cleaning, bathing, and also agricultural activities. Nowadays, most people 
who use sources of groundwater are not aware of the hazards of radioactive sources 
from groundwater resources. They use the water source to carry out daily activities, 
without knowing the presence of radioactive sources in the water. Groundwater is 
being contaminated due to agricultural runoff or disposal of liquid waste. 226Ra 
maybe mobile in surficial environment, specifically in the reducing environment but 
at high level of 226Ra it can cause health risks. Meanwhile 222Rn has the ability to 
migrate through the pores of the media through by diffusion process, such as through 
the rock materials. In this study, the method used for the evaluation of 222Rn and 
226Ra levels in well water is using LSC.
51.3 Objectives of the Research
The objectives of the study are:
i) To measure the radioactivity concentration of 222Rn and 226Ra in well 
water samples collected from Kelantan.
ii) To estimate the annual effective dose due to the intake of natural 
radionuclide from well water for three different age groups.
1.4 Statement of Hypothesis
Following are the hypothesis of this study:
i) There exist of radioisotope 222Rn and 226Ra in groundwater from 
Kelantan.
ii) Due to the nature of soil and rock in Kelantan, the activity 
concentration of 226Ra is probably high.
iii) Babies are among those who have a higher annual effective dose from 
226Ra than children and adults.
61.5 Scope of Study
A sampling of groundwater for two isotopes of the 238U series, 222Rn and 
226Ra was conducted in 5 districts in Kelantan to determine the concentration of 
222Rn and 226Ra in groundwater from rural area for domestic usage. The method used 
for the evaluation of natural radionuclide in well water is LSC. The estimation of 
annual effective dose due to the intakes of groundwater was calculated for three 
different age groups. The dose estimation study is very useful by determining the 
amounts of radioactivity intakes and their effects to the human health and 
populations.
1.6 Thesis Outlines
This thesis consists of five chapters. The first chapter consists of introduction, 
research objectives, importance of this research, and scope of study and research 
methodology. Chapter two is the literature review. It covers the work of relevant 
studies carried out. Chapter three explains the methods and equipment used in the 
experimental work. Chapter four shows the data obtained from the field 
measurement, statistical presentation of data using histograms, analysis of 
groundwater using LSC, and estimate the annual effective dose due to the intake of 
natural radionuclide for three different age groups. Finally chapter five presents the 
conclusions of the project and the suggestions.
71
REFFERENCES
Agency for Toxic Substances and Disease Registry (ATSDR) (1990). Toxicological 
Profile for Radium. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta, GA.
Alabdula'aly, Abdulrahman I. (1996). Occurrence of Radon in Riyadh Groundwater 
Supplies. Health Physics. 70 (1), 103-108.
Alam, M.N., Chowdhry, M.I, Kamal, M., Ghose, S, Islam, M.N and Anwaruddin, M. 
(1999). Radiological Assessment of Drinking Water of the Chittagong 
Region of Bangladesh. Radiat. Prot. Dosim. 82, 207-214.
Andrzej Komosa, Ewa Madej, Magdalena Piekarz. (2008). Determination of a 
Supported Radon Activity Concentration in Bottled Mineral Waters. Chem. 
Anal. (Warsaw). 53, 835.
Baretka, J. and Mathew, P.J. (1985). Natural Radioactivty Activity of Australian 
Building Material, Industrial Wastes and By-products. Health Physic. 48(1), 
87-95.
Belloni, P., Cavaioli, M., Ingrao, G., Mancini, C., Notaro, M., Santaroni, P., Torri, G. 
and Vasselli, R. (1995). Optimization and Comparison of Three Different 
Methods for the Determination of Rn-222 in Water. Science o f the Total 
Environment. 173/174, 61-67.
72
Bem, H., and Bou-Rabee, F. (2004). Environmental and Health Consequences of 
Depleted Uranium Use in the 1991 Gulf War. Environ. Int. 30, 123-134.
Bhasin, J.L. (2001). Impact of New Environmental and Safety Regulations on Uranium 
Exploration, Mining, Milling and Management of its Waste. IAEA-TECDOC. 
1244, 189-200.
Burnett, W.C., Cristoff, J., Stewart, B., Winters, T., and Wilbur, P. (2000). Reliable 
Gross Alpha/Beta-Particle Analysis of Environmental Samples via Liquid 
Scintillation Counting. Radioactivity & Radiochemistry. 11 (4), 26-44.
Chalupnik, S. and Lebecka, Jolanta M. (1992). Determination of Ra-226, Ra-228 and 
Ra-224 in Water and Aqueous Solutions by Liquid Scintillation Counting. In 
ref. Liquid Scintillation Spectrometry 1992, Proc. o f the Int. Conf. on Advances 
in LSC, LSC 92. Sept 14-18. Vienna, Austria.
Cothern, C., and Rebers, P. A. (1990). Radon, Radium and Uranium in Drinking 
Water. Chelsea, MI: Lewis Publishers.
Cothern, C.R., Lappenbusch, W.L., Michel, L. (1986). Drinking Water Contribution 
to Natural Background. Health Physics. 50, 33-39.
Dijkstra, A., Massart, D.L., Kaufman, L. (1993). Evaluation and Optimization o f  
Laboratory Methods and Analytical Procedures. Netherlands. Elsevier Science 
Publishers.
Escobar, V.G, Tome, F.V., Lozano, J.C Sanchez, A.M. (1996). Determination of 
222Rn and 226Ra in Aqueous Samples using a Low-level Liquid Scintillation 
Counter. Applied Radiation and Isotopes. 47 (9-10), 861-867.
Fatima, I., Zaidi, J.H., Arif,M., and Tahir, S.N.A. (2005). Measurement of Natural 
Radioactivity in Bottled Drinking Water in Pakistan and Consequent Dose 
Estimates. Radiation Protection Dosimetry. 123 (2), 234-240.
73
Godoy, J.M., Godoy, M.L. (2006). Natural radioactivity in Brazilian Groundwater. J. 
Environ. Radioact. 85, 71-83.
Grasty, R.L., and La Marre, J.R. (2004). The Annual Effective Dose from Natural 
Sources of Ionizing Radiation in Canada. Radiation Protection Dosimetry. 
108 (3), 215-226. Oxford University Press.
Holbert, K.E., Stewart, B.D. and Eshraghi, P. (1995). Measurement of Radioactivity 
in Arizona Groundwater. Health Physics. 68 (2), 185-194.
ICRP. (1991). ICRP Publication 60: 1990 Recommendations of the International 
Commission on Radiological Protection. J.Valentin (Ed). International 
Commission o f Radiological Protection, Annals o f the ICRP. 21, 1-3 .United 
Kingdom: Elsevier.
Jack, K.H. (1985). Natural Radioactivity in Water Supplies. United State: Colorado.
Juntunen, P., Ruutu, A. and Suksi, J. (2001). Determination of Ra-226 from Rock 
Samples Using LSC. Mobius.S., Noares.J., and Schonfer.F (Eds). Advances in 
Liquid Scintillation Spectrometry (pp.299-302). Arizona: the Arizona Board of 
Regent.
Kaihola, L., Oikari, T. and Suontausta, J. (1992). Direct Detection of Radon Gas in Air 
with a Liquid Scintillation Counter. The 3rd International Conference on 
Nuclear and Radiochemistry. September 7-11 .Vienna, (Abstract Only).
Karpinska.M., Mnich.Z.,Kapala.J., and Szpak.A. (2009). The Evaluation of Indoor 
Radon Exposure in Houses. Polish J. o f Environ. Stud. 18(6), 1005-1012.
Khalil, F.A., Rafat M.A., and Ei Fayoumi, M.A.K (2009). Natural Radioactive 
Nuclides and Chemical Components in the Groundwater of Beni Suef 
Governate, Middle Egypt. J. Radiol. Prot. 29, 105. Retrieved on October 13, 
2008 from http://iopscience.iop.org/0952-4746/29/17N01.
74
Kohler, M., Preusse, W., Gleisberg, B., Schafer, I., Heinrich, T., and Knobus, B. 
(2002). Comparison of Methods for the Analysis of Ra-226 in Water Samples. 
Appl. Radiat. Isot. 56, 387-392.
Kozlowska, B., Hetman, A., Zipper, W. (1999). Determination of 222Rn in 
Natural Water Samples from Health Resorts in the Sudety Mountains by 
the Liquid Scintillation Technique. Applied Radiation and Isotopes. 51, 
475-480.
Koz1owska, B., Morelli, D., Walencik, A., Dorda, J., Altamore, I., Chieffalo, V., 
Giammanco, S., Imme, G., Zipper, W. (2009). Radioactivity in Waters of Mt. 
Etna (Italy). Radiation Measurements. 44, 384-389.
Kralik, C., Friedrich, M. and Vojir, F. (2003). Natural Radionuclides in Bottled Water 
in Austria. J. Environmental Radioactivity, 65(2), 233-241. Elsevier.
Kuan, L.S. (2007). Natural Background Radiation in the Kinta District, Perak, 
Malaysia. Master Thesis. Universiti Teknologi Malaysia, Skudai.
Lowry, J.D. and Lowry, S.B. (1988). Radionuclides in Drinking Water, J. Am. Assoc. 
Water Works, 80, 50-64.
Malanca, A., Pessina, V. and Dallara, G. (1993). Assessment of the Natural 
Radioactivity in the Brazillian State of Rio Grande. Health Physics. 65, 298­
302.
Mays C.W., Rowland R.E., Stehney A.F. (1985). Canser Risk from the Lifetime 
Intake of Radium and Uranium Isotopes. Health Physics. 48, 635-647.
National Research Council. (1999). Risk Assessment o f Radon in Drinking Water. 
National Academy Press: Washington D.C.
75
Radhakrishna, A.P., Somashekarappa, H.M., Narayama, Y. and Siddappa, K. (1993). 
A new Natural Background Radiation Area on the Southwest Coast of India. 
Health Physics. 65, 390-395.
Salonen, L. (1988). Natural Radionuclides in Ground Water in Finland. Radiat. Prot. 
Dosim. 24, 163-166.
Salonen, L. and Hukkanen, H. (1997). Advantages of Low-background Liquid 
Scintillation Alpha-spectrometry and Pulse Shape Analysis in Measuring Rn- 
222, Uranium and Ra-226 in Groundwater Samples. J. Radional. Nucl. Chem. 
226 (1-2), 67-74.
Sanchez, Martin, A., Rubio Montero, M.P., Gomez Escobar, V. and Jurado Vargas, M. 
(1999). Radioactivity of Bottled Mineral Waters. Appl. Radiat. Isot. 50, 1049­
1055.
Schonhofer, F. (1989). Determination of Radon-222 and Radium-226 in Mineral Water 
and Drinking Water. A Survey in Austria. Analyst. 114, 1345-7.
Schonhofer, F. (1992). Measurement of Ra-226 in Water and Rn-222 in Water and Air 
by Liquid Scintillation Counting. Radiation Protection Dosimetry. 45 (1/5), 
123-125.
Schonhofer, F. (1995). Liquid Scintillation Spectrometry in Environmental 
Measurements. The Science o f the Total Environment. 173/174, 29-40.
Sherman, H.N., Fjeld, R.A., Brown, D.D., and Leybe, J. (1995). Evaluation of a Direct 
Extraction or Liquid Scintillation Counting Technique for the Measurement of 
Uranium in Water. In 3rd Int. Conf. on Methods and Applications o f  
Radioanalytical Chemistry, MARC-III. April 10-16, 1994. Kona, Hawaii. 
193(1).
76
Siegel, M.D., Bryan, C.R. (2005). Environmental Geochemistry of Radioactive 
Contamination. In: Sherwood Lollar, B. (Ed.), Environmental Geochemistry. 
(pp. 205—262). Treatise on Geochemistry: Elsevier.
Soto, J., Fernandez, P.L., Gomez, J., Rodenas, C. (1995). Study of the Occurrence of 
222Rn and 226Ra in Drinking Water in Spain. Health Physics. 69 (6), 961-965.
SSI. (1996). The Radium Distribution in Some Swedish Soils and Its Effect on Radon 
Emanation. Swedish Radiation Protection Institute (SSI P983.97; SSI P 
1068.98; SSI P 1145.99; SSI P 1198.00; SSI 1228.00). Swedish Radiation 
Protection Institute. Stockholm, Sweden.
Subba Ramu M.C., Ramachandran T.V., Muraleedhavan T.S., Shaikh A.N. (1990). 
Indoor Levels of Radon Daughters in some High Background Areas in India. 
Radiat Prot Dosit. 30. 41-44.
Suomela, J. (1993). Method for Determination of Radon-222 in Water by Liquid 
Scintillation Counting. SSI-rapport 93-13, ISO Norm: ISO/TC147/SC3/WG6 
Work. Swedish Radiation Protection Institute. Stockholm, Sweden.
Tchokossa, P., Olomo, J.B., Osibote, O.A. (1999). Radioactivity in the Community 
Water Supplies of Ife-Central and Ife-East Local Government Areas of Osun 
State, Nigeria. Nuc. Instr. and Meth in Phys. Res. A. 422(1-3), 784-789.
Tripathi, R.M, Sahoo, S.K., Jha, V.N., Khan, A.H., Puranik, V.D. (2008). Applied 
Radiation and Isotopes. Assessment of Environmental Radioactivity at 
Uranium Mining, Processing and Tailings Management Facility at Jaduguda, 
India. Applied Radiation and Isotopes. 66, 1666- 1670.
UNSCEAR. (1993). Sources and Effects of Ionizing Radiation. UNSCEAR 1993 
Report to the General Assembly. (Ed). United Nations Scientific Committee on 
the Effects o f Atomic Radiation. New York.
UNSCEAR. (2000). Volume I: Sources; Volume II: Effects.(Ed). United Nations 
Scientific Committee on the Effects o f Atomic Radiation, 2000 Report to the
77
General Assembly, with scientific annexes. New York.
U.S.EPA. (1993). Basic Information about the Radionuclides Rule. The regulated 
radioactive drinking water contaminants and health effects. Washington, 
D.C.
U.S.EPA. (1999). Cancer Risk Coefficients for Environmental Exposures to 
Radionuclides Federal Guidance Report No. 13, EPA 402-R-99-001.U.S. 
Environmental Protection Agency. September 1999. Washington, D.C.
U.S.EPA. (2000). National Primary Drinking Water Regulations; Radionuclides; 
Final Rule, 40 CFR Parts 9, 141, and 142 Federal Register 65. 236. 76708­
76753. December 7, 2000. Washington, D.C.
Vesterbacka, P. (2007). Natural Radioactivity in Drinking Water in Finland. Boreal 
Environment Research. 12, 11-16.
Watson, J.E., Evans, J.P., and Mabry, A. M. (1993). Analysis of 222Rn
Concentrations in North Carolina Household Water Supplies Derived from 
Private Wells. Health Physics. 65, 156-160.
WHO. (1993). Guidelines for Drinking Water Quality. Recommendations. (2nd Ed). 
Switzerland: WHO Press.
WHO. (2004). Guidelines for Drinking Water Quality. Recommendations. (3rd Ed). 
Switzerland: WHO Press.
WHO. (2009). WHO Handbook on Indoor Radon. A Public Health Perspective. 
Switzerland: WHO Press.
Zhuo, W., Iida, T., and Yang, X. (2001). Occurrence of Rn-222, Ra-226, Ra-228 and 
U in Groundwater in Fujian Province, China. Journal o f Environmental 
Radioactivity. 53. 111-120.
